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1. 
INTRODUCTION 
More and more attention is being turned to the part played by 
aerial spread of infection. The air does not contain the necessary 
food for growth and multiplication of bacteria yet bacteria are pres-
ent in the air, and they are of considerable importance. It is the 
bacterial flora of air inside buildings where ventilation is limited 
that is of chief concern. These organisms play an important part in 
aerial dissemination of infection. 
In recent years antibiotic resistant strains of Staphylococcus 
aureus, or Micrococcus pyogenes (var. aureus), have assumed importance 
in hospital infections. Howe (1954) stated that a review of the liter-
ature indicated that penicillin-resistant strains of Staph. aureus re-
covered from hospitalized patients and personnel had greatly increased 
throughout the world since the introduction of penicillin in 1941. He 
has conducted surveys for a number of years on the carrier rate, both 
nasal and cutaneous, of this organism in hospital personnel and patients 
and has found the rate to be high. Howe (1956) pointed out that in 
1955 the carrier rate of nasal or cutaneous carriers was 75 per cent, 
62 per cent of the strains being penicillin resistant. Also, in wound 
infections after surgery, Staph. aureus is the organism most commonly 
found. He suggested that the increase in postoperative infection was 
due to an abnormally high penicillin-resistant carrier rate of Staph. 
aureus in hospital personnel and patients as a result of the wide-
spread use of penicillin. 
McDermott ( 1956) during a symposium on "Staphylococcal Infections" 
made the following atatemE!nts concerning hospitalized patients: •• 11 their 
risk of exposure to staphylococci in general is presumably no different 
than it ever was, or at least no different than it has been in the 
past decade. There is the possibility, however, that there ie now a 
wider prevalence of particular strains of increased pathogenicity for 
man. 11 He also pointed out that there is an increased congregation of 
susceptible hosts in our hospitals due to bodily disturbance created 
as an accompaniment of many of our modern therapies. Whereas, this is 
not the only reason for the apparent increase in staphylococcal inf ec-
tion iri. the hospital, he said it does seem to represent the pr i ncipal 
· difference between our situation today and that of a decade or so ago. 
In discussing airborne infection, bacteria in three states in 
air should be considered. They are& first, the bacteria attached to 
dust particles; second, those in droplets expelled from the nose and 
mouth; third, those present in droplet nuclei which result from evap-
oration of the droplets expelled from the nose and mouth. According 
to Wells (1955) duet consists of particles varying in size from 10 to 
100 microns which settle at a rate of between one and two feet per 
minute. Droplets vary in diameter, usually being greater than 100 
microns. They usually fall faster than one foot a second and on evap-
oration they become dqoplet nuclei which are about 2 to 10 microns 
in size. The droplet nuclei fall about o.o4 foot a minute but can re-
main suspended in air almost indefinitely. They become rapidly dis-
persed throughout confined atmospheres of rooms and buildings, and are 
, inhaled by anyone breathing air containing them. It is these droplet 
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nuclei with which there is the most concern as they carry parasitic 
and pathogenic organisms. Any practical air sampling device must be 
ab~e to recover these droplet nuclei from the air. 
Recently, the bacterial flora of such closed environments have 
been studied. Marsh and Rodway (1954) studied the air in the wards of 
a maternity hospital by exposing plates for an hour at different times 
throughout the day and night during May and June 1950. DUring quiet 
periods the bacterial colonies were few in number, but during ward ac-
tivity t he colony counts increased considerably. The colonies con-
sisted chiefly of sarcinae, Micrococcus pharyngeus, Staphylococcus 
albus, a coliform bacillus, and Bacillus subtilis. A few unidentified 
fungi were also grown. The plates occasionally showed rare colonies 
of Staph. aureus, pneumococcus and non-hemolytic streptococcus. 
Williams, Lidwell, and Hirch (1956) studied the air of occupied 
school classrooms using serum agar plates. Their results were based 
on a total of 9;0 colonies from 29 air samples. 25-40 colonies from 
each of the 29 serum agar plates were subcultured on to blood agar for 
further identification. The highest number of bacteria was micrococci 
followed by diphtheroid organisms, streptococci, coliform organisms, 
aerobic spore-formers, and Staph. aureus. Micrococci referred to all 
gram positive cocci that were not streptococci or coagulase-positive 
staphylococci. ~acrococci predominated over all the other t ypes, ;5.o4 
colonies per cubic foot or 81.6 per cent of the total number of bac-
teria present. None of the other groupe was present in large number. 
Air Sampling Methods 
There are several methods for estimating the bacterial population 
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of the air (see Wells,l955), Tapley and Wilson, 1~55). Results obtained 
by different methods often vary widely, mainly because of differences 
in methods of sampling. One of the simplest ways is to expose a series 
of agar plates in different parts of a room for a given time. Usually 
the number of colonies which develops is determined mainly by the larger 
dust particles and droplets. Unless the plates are left for several 
hours the droplet nuclei are not represented. There are methods of 
air sampling which do capture these droplet nuclei and three of them 
will be discussed. They are the Slit Sampler Method of Bourdillon, 
the Wells Air Centrifuge, and one of the more recent methods, the Me~ 
brane (or Molecular) Filter t•Iethod. 
~Sampler: (See Bourdillon et al, 1948). A simple and effec-
tive instrument for collection and counting of airborne bacteria was 
devised in 1941 by Bourdillon, Lidwell and Thomas. Air is sucked 
through a narrow slit 0.25 mm. wide at high speed and impinged on the 
surface of a rotating agar plate 2 mm. below the slit. The petri dish 
is slowly rotated during sampling so that the colonies are distributed 
unif ormly over the plate. This instrument also permits the exact 
determination of the time at which any particular organisms are col-
lected and is of special value where the concentration of airborne 
organisms is changing rapidly. The rate of flow of air is adjusted to 
one cubic foot per minute at 11 inches water pressure. After sampling, 
the culture plate is incubated at '7 0 for 20-24 hours. According to 
Tapley and Wilson (1955) the improved model of the Slit Sampler (1948) 
is now used almost exclusively in Great Britain for measuring bacterial 
contamination of th~air. It collects the finest bacteria-carrying 
particles almost as effectively as coarser ones. 
Samples obtained by slit sampler from hospital air at various 
times (Bourdillon et al,l948) showed some staphylococci, a few hemolytic 
streptococci (Group A), an occasional Proteus, and many molds. The 
total volumes of air sampled varied from 28-1~0 cubic feet and the 
number of colonies per cubic foot ranged from 7.6 to approximately 77• 
Well s Air Centrifuge: (See Welle, 1955). In 19~7 Wells, Phelps, 
and \'linslow devised an air centrifuge in which the bacteria from large 
measured volumes of air are deposited by centrifugal force, many thous-
and times gravity, on to the sides of a rotating cylinder lined with 
nutrient agar. The centrifuge spine a cylindrical glass tube about its 
vertical axis; melted agar introduced into the cylinder hardens while 
spinning. Air is admi tted to the bottom of the glass cylinder through 
a centra l axial brass tube and particles whirled by the rotating air 
in the cylinder are deposited on the lining of the tube. 
Membrane Filter Method: According to Goetz (1955) the history 
of t he development of membrane filter material started about 60 years 
ago with the sole purpose of ultrafiltration of liquids. Their occas-
ional app lication to bacteriological water tests as a public health 
emergency measure was apparently first introduced in Germany during 
World War II (Editorial,l955)• The development of membrane filters in 
general and particularly for filtering air (Aerosol Assay- AA type) 
is credited to Goetz et al during their studies at t he California 
Institute of Technology from 1947-1951 where they learned to produce 
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for the first time membranes equally stable in the dry and wet state. 
They also developed media for growth of the bacteria on the membrane 
which made viable recovery possible. The term molecular filter mem-
brane was suggested to distinguish it, with ita extremely fine network 
of pores, from a large variety of organic and inorganic films of un-
defined pore etro.cture. These filters are now available commercially.* 
According to First and Silverman 195;, these molecular or mem-
brane filters have a number of useful properties for the collection 
and investigation of aerosols and many other uses for this material 
have been found in the field of sanitary bacteriology. The filter 
material consists of membranes approximately 150 microns in thickness 
prepared from one of several cellulose esters. They are very porous 
(pore volume is 75-80 per cent of the filter volume) and filters can 
be produced which are close to 100 per cent efficient for particles 
less than 0.1 micron in diameter. The filter material rapidly ac-
quires a high electrostatic charge, its resistance to air flow is high, 
and it performs mainly by sieving action. Because separation is mainly 
by sieving and electrostatic charge, particles are retained at the 
filter surface in the same state in which they existed when suspended 
in air. Only one particle is deposited at a point on the surface. 
After incubation the membrane can be preserved for record purpose. 
Comparison of Methods 
Both the slit sampler of Bourdillon and the air centrifuge of 
* Millipore Filter, Millipore Filter Corporation, Watertown, 
Hassachusetta 
Welle employ centrifugal force to collect droplet nuclei from the 
air (Wella,l955)• The membrane filter method employe a sieving and 
electrostatic charge (First and Silverman, 1955)• Bourdillon et al . 
(1948) reported collection efficiency of the small slit sampler as 97 
per cent and maintained it was a highly efficient instrument for es-
timating the numbers of bacteria-carrying particles of all sizes above 
1 micron, except those so large as to have a high falling rate. Wells 
(1955) reported for the air centrifuge that "maximal efficiency ap-
proximates 100 per cent for particles of equivalent radius 2.27 microns 
and becomes 50 per cent for particles of 0. 77 micron." The collection 
efficiency of the alit sampler and air centrifuge sampling one cubic 
foot or air per minute was quite similar (Wells,l955)· 
As for the membrane filter (MF), aerosol experiments (Goetz, 
195;) supported the asa~tion of complete retention of all airborne 
bacteria by the filter. In 1952 he pointed out that it had certain 
advantages over other standard techniques and summarized them as 
follows: 
11 1. The MF permits the concentration of a very small number of 
organisms from large quantities of water or air without in-
volving large dilutions or quantities of nutrients. 
11 2. Due to its structure, the MF minimizes cross diffusion of 
inhibitory agents between colonies and consequently allows 
for development of mixed cultures with only minimal mutual 
inhibition. 
11 ;. The technique separates the organism entirely from its 
former environment and permits at any time the separation 
of the organism from its nutrient; hence an arresting of 
fUrther growth or a sequence of different nutrients can be 
applied at any time. 
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"4. The relatively rapid development of organisms on MF surfaces 
is attributed to the fact that metabolic by-products developed 
during growth of the colony affect the nature of the nutrient 
available to the colony to a much lesser extent than is the 
case in liquid or semiliquid nutrients. 
11 5. The MF technique requires less glassware and substantially 
lees nutrient. The dried MF leaf after incubation can be 
used and preserved as a permanent record for future reference." 
The membrane filter apparatus shows possibilities as a useful 
method for sampling bacterial flora of the air. The method is simple 
to use, rapid, economical of nutrient material, and, according to 
published data (see Goetz, 195,), approaches 100 per cent efficiency 
in recovery of bacteria. It seemed a worthwhile method to experiment 
with in studying the microorganisms of a hospital environment. 
METHODS 
Culture Media 
The routine medium used throughout for total bacteria count 
was a modification of the PM2X Medium suggested in the manual supplied 
by the manufacturer. It supports the growth of all bacteria likely 
to be found in air. One per cent Bacto Agar was added to the original 
formula in order to make a solid medium which decrease4 the spreading 
growth of organisms, was technically easier to use, and facilitated 
obtaining an accurate count of bacteria present. 
The PM2X medium, as modified for use in this study for total 
bacteria counts, has the following formula& 
Peptone M (Albimi) 40 g 
Yeast autolysate (Albimi) 6 g 
Dipotassium phosphate 
' 
g 
Sodium chloride 5 g 
Bacto Agar 10 g 
Distilled water 1000 ml 
The pH before autoclaving is 7.4 
Heat to boiling to dissolve. Autoclave at 121 0 for 15 minutes. 
To each 100 ml of sterilized medium add l ml of dextrose solu-
tion (50 g in 100 ml of distilled water). 
This medium detects aerobes and facultative anaerobes and sup-
porte the growth of a wide range of organisms after 18-20 hours• in-
cubation at j7 0 in a moist environment. Colony appearance is the 
same as found on blood agar medium. The colonies of staphylococci on 
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blood agar, for example, are raised, fairly smooth, large, and produce 
pigment, either white (albus), golden yellow (aureus), or lemon yellow 
(citreus). These same colony characteristics are easily seen on mem-
brane filter culture. 
Recognition of Staphylococcus aureus 
In this study it was necessary to identify staphylococci, par-
ticularly the potentially pathogenic variety, Staph. aureus. Suspected 
colonies were checked by Gram stain. The criteria selected fo r iden-
tification of pathogenic staphylococci were those usually used, namely: 
production of yellow pigment and coagulase (see Dubos, 1952). The 
coagulase test was performed in the following manner. A portion of 
the yellow colony was t~~en directly from the young growth on the mem-
brane f i lter and mixed with 0.5 ml of citrated human plasma, diluted 
1-' with sterile saline, in a small test tube. The mixture was incub-
' 
ated at '7 0 for 24 hours to note coagulation of the plasma. Patho-
genic staphylococci usually clot plasma within three hours, but the 
tests were incubated routinely for 24 hours for a final reading. 
Descrintion of Membrane Filter Apparatus 
The membrane filter apparatus* consists of the following parts: 
Aerosol open type filter holder which serves as a support for the mem-
brane filter; P~ (Aerosol Assay) membrane filters; orifices for fix-
ing t he air sampling rate; plastic rim for holding the filter in 
place; vacuum pump; and plastic petri dishes. 
* The apparatus and filters used were obtained from the Millipore 
Filter Corporation, Watertown, Massachusetts. 
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The fil~er holder is specially designed for aerosol analysis and 
consists of two metal parte. The base is funnel-shaped and has a fine 
stainless steel wire screen the same size as the membrane filter across 
the top. At the opposite end, the orifice is screwed in place. During 
sampling the filter rests on top of the screen and is held in place by 
a plastic rim. It is locked in place by the top part of the filter 
holder and by pressure difference an air tight seal is produced. The 
two parte of the filter holder were wrapped in a towel and sterilized 
by autoclaving at 121 C for fifteen minutes. 
The orifice, the only limiting factor in this method of air 
sampling, was one permitting ten liters of air per minute to pass 
through with a pressure of 70 em of mercury. It need not be sterile 
but was placed in Bard Parker Operating Room Solution for a few hours, 
then into 70 per cent alcohol (two changes), then from 95 per cent 
alcohol to a sterile glass petri dish until ready for use. 
The plastic rim may be sterilized with ethylene oxide gas or 
treated as was described above for the orifice. 
The membrane filters were of the AA (Aerosol Assay) type, white, 
grid-marked to facilitate the counting of colonies, and 47 mm in diam-
eter. Two were placed in a standard size glass petri dish which was 
then wrapped in paper and sterilized by autoclaving. The filters are 
150 microns in thickness, made of cellulose esters, with a pore size 
of 0.8 micron. Approximately )) liters of air at 25 C will pass through 
each square centimeter per minute at a differential in pressure of 10 em. 
o~ mercury. Each square of the membrane filter is 1/100 of the effective 
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filtering area_and the total · filtering area is 9.6 square centimeters. 
The vacuum pump supplied is capable of producing a 27 inch vacuum 
or pressures up to 25 pounds per square inch. 
The plastic petri dishes are the same size as the membrane filter 
with a wedge-fit edge seal. They are sterilized with ethylene oxide 
gas. Other methods of sterilization were tested and are discussed under 
results. 
Procedure for Air Sampling 
1. The bottom part of the filter holder with orifice in place 
is attached by rubber tubing to the vacuum pump. 
2. A sterile AA filter is placed, grid side up, on the wire 
screen, using sterile forceps. 
;. The plastic rim is placed on top of the membrane filter. 
4. The top part of the filter holder ie placed over the plastic 
rim and base of the holder and is locked in position. 
5· The vacuum pump is started and a six minute sample of air 
is collected. The usual procedure was to take ten success-
ive six-minute runs, thus collecting 60 liters of air each 
time with a total of 600 liters (21.19 cubic feet) for the 
test runs. 
6. Following sampling the membrane filter is placed, grid side 
up, on the appropriate medium in the plastic petri dish, 
which is incubated in an inverted position in a moist atmos-
phere at ;7 0 for 20-24 hours. 
7• The number of colonies are counted, identified, subcultured, 
and coagulase tests are performed as necessary. 
Preservation and Staining of ·Membrane Filters 
Membrane filters, after identification and subculturing of 
colonies of microorganisms, may be preserved indefinitely by the 
following treatment suggested by Schaufas (1956). 
1. Place filter, grid side up, ~n blotting paper to dry for a 
few minutes. 
2. With forceps di p the filter in glycerine-formaldehyde mix-
ture (15 ml. di stilled water, 8 ml. glycerine, 17 ml. form-
aldehyde) in a glass petri dish. This procedure kills the 
organisms. 
,. Place filter on blotting paper to dry. 
4. Dip the filter into 0.05 per cent malachite green dye in a 
glass petri dish and again a1low it to dry on blotting 
paper. This gives a medium green background with the 
colonies of bacteria stained a dark green. This facili-
tates accurate counting and, i f one wishes, a dissecting 
microscope or low power of an ordinary microscope may be 
used ae,_.a·check on the count. Filters prepared in this 
manner may be f iled for future reference. 
RESULTS 
In preparation for future air sampling several problems had to 
be resolved. Among them were sterilization of the plastic petri dishes; 
choice of standard sampling time; the question of whether one vacuum 
pump or two would be necessary to give simultaneous bacterial counts 
on two different media; and the best height at which to collect air 
samples. It was pointed out in the introduction airborne staphylo-
cocci are of great importance in wound infection. Although some have 
used the total bacterial count as an index to the numbers of staphylo-
cocci in air, in the present study, in addition to determining the 
total bacterial count, attempts were made to find media that would 
selectively grow all staphylococci and at the same time allow an es-
timate of the coagulase-positive organisms. 
Sterilization of Plastic Petri Dishes 
Several methods for sterilization of the plastic petri dishes 
were tested: 
1. Dishes were washed in a detergent (Alconox), followed by a 
short immersion in 70 per cent alcohol, and finally air 
dried with the two parts of the dishes inverted. This pro-
cedure proved inadequate to eliminate aerobic spore-formers. 
2. Dishes were immersed in Zephiran solution 1-1000 for 24 
hours, followed by five hours in 70 per cent alcohol, two 
hours each in two changes of 70 per cent alcohol, and then 
immersion in 95 per cent alcohol for an hour. After this 
treatment, the parte were drained and immediately placed 
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together. This treatment did not destroy the spore-forming 
bacilli. 
). Treatment of dishes with Bard-Parker Operating Room Solution 
for 24 hours was followed by five hours in 70 per cent alcohol 
",/ 
two hours each in two changes of 70 per cent alcohol, and 
then immersion in 95 per cent alcohol for an hour. The parts 
were drained and immediately placed together. Aerobic spore-
formers were still present after this treatment. 
4. Exposure to ultraviolet light* two and one-half inches from 
the light for periods up to three hours was inadequate to 
destroy spore-formers. 
5· Ethylene oxide gas was tested as a sterilizing agent for the 
plastic petri dishes. The method used, a modification of 
that recommended by the Millipore Filter Corporation, proved 
to be a convenient and most efficient method of sterilization. 
The tops and bottoms of the dishes were placed side by side 
in an inverted position, in layers separated by a single 
piece of gauze in a dessicator in such a way as to permit 
access of the gas into the interior of each piece. Before 
use the dessieator and contained dishes must be chilled. 
Rubber tubing sealed at one end was attached to the deseica-
tor. The pressure generated by vaporization of the liquid 
ethylene oxide could be released by inBerting a hypodermic 
* A 15 watt Westinghouse TA Germicidal Lamp was used. 
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needle into the rubber tubing. The proper amount of cold 
ethylene oxide (o.5 ml. of liquid per liter of container 
volume) was added and the dishes exposed to the vapor for 
at least four hours. The respective parts of the dishes 
were removed carefUlly and placed together. The dishes 
were then stored in a sterile covered can until used. 
Choice of Sampling Time 
Several teste were run using different size orifices and dif-
ferent sampling times. It was found that six minutes using the ten 
litera of air per minute orifice was best. Beyond six minutes there 
was a decrease in colony count due to excessive drying of the bac-
teria and consequent lose of viability. 
Comparison of the Use of One Vacuum ~ with J. Tube versus Two Pumps 
An empty room in the hospital was used. Vacuum cleaner dust was 
spread in a corner and dispersed in the air by means of an electric 
fan blowing directly on i t. Two filter holders for collecting samples 
of air were placed side by side in the path of an air current and ten 
successive samples (each six minutes at 10 liters of air per minute) 
were taken using two pumps. At another time the same experiment was 
repeated using two filters connected to one pump with a Y tube. In 
Operating Room Number 1 air samples were collected immediately after 
an operation had been completed and before washing of the floor, using 
two pumps one time and one pump with a Y tube another time. In both 
cases, the experiments with vacuum cleaner dust and the air samples 
taken a~er an operation, the total bacteria counts, using one vacuum 
pump and a Y tube with two filters or a separate pump for each filter, 
were not significantly different when analyzed by Mr. John Alman of the 
Department of Statistics. The data indicated that a single vacuum 
pump with a Y tube would be satisfactory for collecting two simultaneous 
air samples. 
Comparison of Air Samples Collected at Various Levels. 
Teet runs using vacuum cleaner dust were made in the hospital 
near the storeroom at different heights. Samples were collected at 
heights of two feet, four and one-half feet, and six and one-half feet 
using Modified PM2X Medium. The object was to find the height at which 
the greatest number of bacteria would be found. The results are given 
in Table I. 
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TABLE I 
OO!.DNY COUNTS OF AI R COLLECTED AT DIFFERENT 
HEIGHTS ABOVE THE FLOOR 
Teet Run 2 Feet 4t Feet 6~ Feet 
1 128* 6; 50 
2 82 45 50 
; ;9 7; 25 
4 28 ;o 47 
5 1; 42 -42 
6 ;2 46 47 
7 ;4 21 ;2 
8 ;o 17 18 
9 ;4 25 46 
10 24 19 22 
Total 444 ;81 ;79 
* 
Each number represents the colonies grown from 60 litera of' air 
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The highest number of" organisms was found at the height of two 
feet. A similar experiment was done using two filter holders simul-
taneously at two feet and at eight feet. Results were the same with 
the greatest bacterial count at the lower level. 
The usual hospital bed height is about two and one-half feet 
. from the floor so test runs on the surgical ward and in the operating 
room were done at that height. 
Comparison of Media for !h! Recognition of Staphylococci 
Several different media were tested. A discussion of four of 
them follows: Staphylococcus Medium No~ 110, Egg Yolk Agar, Mannitol 
Salt Agar, and Tellurite Glycine Agar. The object of this study was 
to find one which would be selective for the pathogenic Staph. aureus 
and furnish the most information macroscopically directly from the 
medium used, that is pigment production and coagulase-positive activity. 
Staphylococcus Medium No. 110 (Difco): This was the first medium 
tested. It is said to be a selective medium for the isolation of 
staphylococci, its high sodium chloride content inhibiting other bac-
teria (Difco Manual,l95~) •• The medium was prepared according to in-
structions supplied with the medium and the formula is as follows for 
Bacto Staphylococcus Medium No. 110. 
Bacto-Yeaet Extract 
Bacto-Tryptone 
Bacto-Gelatin 
Bacto-Lactoee 
d-~~nnitol, Difco 
Sodium chloride 
Dipotassium phosphate 
Bacto-Agar 
Distilled water 
Final pH 
2.5 g 
10.0 g 
:;o.o g 
2.0 g 
10.0 g 
75·0 g 
5·0 g. 
15.0 g 
1000 ml 
7-0 
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Simultaneous air samples were t~~en on the hospital surgical 
ward, placing one membrane filter on Modified PM2X Medium and one 
on Staphylococcus Medium No. 110. The object was to compare the 
numbers of organisms which developed on the two media after 20-24 
hours' incubation in a moist atmosphere at 37 c. Ten consecutive 
runs were made with the filter holders at hospital bed height. The 
results of two experiments are given in Table II. 
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TABLE II 
COLDN'f COUNTS OF AIR COLLECTED IN HOSPITAL SURGICAL \'lARD 
SA.'.JIPLING HEIGHT !~ FEET 
Date of Collection 
1 1/1~/56 11/16/56 
Teat Run Modified Staph. Medium Modified Staph. Medium 
PM2X Medium No. 110 PM2X Medium No. no* 
1 9** a 15 2 
2 27 7 1~ 2 
~ 24 11 7 2 
4 2~ 17 7 ~ 
5 46 8 10 1 
6 2~ 10 15 ~ 
7 40 9 2~ 14 
8 10 5 29 11 
9 1~ 4 14 0 
10 15 1~ 1~ 10 
* It is assumed that all the colonies on Staph. Medium No. 110 
are staphylococci. The colonies on membrane filters picked at 
random and stained with Gram stain proved to be staphylococci. 
** Each number represents bacteria in 60 liters of air. 
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From one run, number 10 of November 16, 1956, (Table II), the 
colonies of staphylococci were identified and 10 were found on each 
medium. However, other paired membrane filters were checked for 
staphylococci and no correlation was found aa far aa total numbers of 
staphylococci were concerned. The greater number was found on the 
Modified PM2X Medium. However, all colonies 1nhich developed on Staphylo-
coccus Medium No. 110 were staphylococci. 
~Yolk Agara Colbeck's (1956) modification of the medium de-
vised by Gillespie and Alder (1952) was used. This medium was tested 
because it is highly inhibitory to many organisms other than gram posi-
tive cocci. The majority of the pathogenic staphylococci which pro-
duce a lecithinas.e show marked zones of opacity or halos around the 
colonies. The formula is ae follows: 
Difco Nutrient Agar 
Sodium chloride 
Powdered agar 
6% Egg Yolk Broth 
4oo.o ml 
42.5 g 
6.5 g 
100.0 ml 
Whereas, from teste made, Egg Yolk Agar grew more staphylococci than 
Staphylococcus Medium No. 110, it proved unsatisfactory for our purpose. 
Since it is impossible to see the halos around the colonies on a mem-
brane filter, no attempt wa'e made to evaluate this medium for air 
sampling. 
Mannitol ~ Agar: This is a selective medium for the isolation 
of pathogenic staphylococci and, like Staphylococcus Medium No. 110, 
it has a high sodium chloride content. Growth of most bacteria other 
than staphylococci is inhibited. Chapman (1945) found that strains 
that coagulated re_bbit plasma grew well on this medium producing 
colonies with yellow zones. Non-pathogenic staphylococci produced 
small coionies surrounded by red zones. The formula for Mannitol Salt 
Agar (Difco) is as follows: 
Bacto Beef Extract 1 g 
Proteose Peptone No. _;, Difco 
Sodium chloride 
d-Mannitol, Difco 
Bacto-Agar 
Bacto-Phenol Red 
10 g 
75 g 
10 g 
15 g 
0.025 g 
It was prepared according to instructions supplied with the medium. 
The final pH is 7.4. 
This was the third medium tested and presented the possibility 
of fulfilling the criteria chosen for pathogenic staphylococcus. It 
was hoped that the yellow colonies which developed would be consist-
ently coagulase-positive and that they could be identified as Staph. 
aureue, coagulase-positive directly from the medium. 
On December 26, 1956, ten consecutive air samples were taken in 
Operating Room Number 1 during an operation, using two filter holders 
simultaneously. One membrane filter was cultured on Modified PM2X 
Medium for total bacteria and the other one on Mannitol Salt Agar for 
staphylococci. All petri dishes were incubated for 48 hours for max-
imum pigment production. Tableiii shows numbers of organisms recovered 
on each medium. 
* 
TABLE III 
COlONY COUNTS OF AIR COLLECTED DURING AN OPERATION 
IN OPERATION R:>OM NUMBER 1 
Test Run Modified Pl~ Medium Mannitol Salt Agar 
1 16* 9 
2 24 9 
; 11 5 
4 9 1 
5 12 6 
6 7 6 
7 8 6 
8 9 2 
9 12 
' 
10 16 8 
Total 124 55 
Each number represents bacteria in 60 liters of air 
24. 
Fur.ther analysis of the data in Table·. III furnished information 
as to the number of staphylococci present on each medium. All colonies 
were checked by Gram stain. See Tables IV and v. 
TABLE IV 
RELATIVE :NUMBERS OF STAPHYlOCOCCI COLLECTED FOOM AI R 
DURING AN OPERATION 
0 IDJ;JUS!·IS CULTURED ON 1-'DDI FIED PN2X MEDIUM* 
Per Cent St aph. 
Test Run Total Bacter ia Total Staph. Present 
1 16** 8 50.0 
2 24 17 70.8 
J 11 6 54-5 
4 9 5 55·5 
5 12 5 41.6 
6 7 6 85-7 
7 8 6 50.0 
8 9 5 55·5 
9 12 9 75·0 
10 16 12 15~ 0 ' 
Total 124 79 $;.8 
* Data from Table III. 
** Each number represents bacteria in 60 liters of air. 
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TABt.E V 
RELATIVE NU!v'J.BERS OF STAPHYIDCOCOI COLLECTED FRIJM AIR 
DURING N~ OPERATION 
ORGANISMS CULTURED ON MA.NNI'IDL SALT AGAR* 
Teat Total Total Staph. Coagulase 
Run Bacteria Staph. aureus Reaction 
1 9** 5 2 negative 
2 9 4 0 
' 
5 4 1 negative 
4 1 0 o· 
5 6 4 1 negative 
6 6 4 1 negative 
7 6 
' 
1 negative 
8 2 2 2 negative 
9 
' 
2 0 
10 8 4 0 
Total 55 '2 8 
58.1% of 25% of 
Total Total 
Bacteria Staph. 
* Data from Table II 
** Each number represents bacteria in 60 litera of air. 
--
Although it would be expected that some or most of the Staph. 
aureus in a hospital environment would be coagulase-positive, the above 
data does not support this view. Although known coagulase-positive 
and negative strains of Staph. aureus grew as expected on the Mannitol 
Salt Agar, the staphylococci isolated from air were not always coagu-
lase-positive. Moreover, it was difficult to determine whether a 
yellow color was an indication of coagulase production or simply due 
to aureus pigment. 
Tellurite Glycine Agarc Tellurite Glycine Agar was devised by 
Zebovitz, Evans, and Niven (1955) for the quantitative detection of 
coagulase-positive staphylococci from foods and other sources, such 
as skin, mucous membranes, feces, air, and soil. The formula of 
medium supplied by Baltimore Biological Laboratories is as follows& 
i 
Trypticase 10 g 
Yeast Extract 5 g 
Mannitol 5 g 
Dipotassium phosphate 5 g 
Lithium chloride 5 g 
Glycine 10 g 
Agar 16 g 
Distilled water 1000 ml 
It was prepared according to instructions supplied with the 
medium (including the addition of 1% Potassium Tellurite solution). 
The final pH is 7.2 !• Known pathogenic coagulase-positive staphylo-
cocci form black colonies, usually in 24-36 hours. The growth of most 
28. 
strains of coagul~se-negative staphylococci is greatly inhibited and · 
colonies which do develop are generally gray in color. 
Ten consecutive air samples were taken in the hospital surgical 
ward, using two filter holders simultaneously. One membrane filter 
was cultured on Modified PM2X Medium for total bacteria and the other 
one on Tellurite Glycine Agar for coagulase-positive staphylococci. 
All petri dishes were incubated for 48 hours. Table VI . shows numbers 
of organisms recovered on each medium. 
TABLE VI 
OOIDNY CO UNTS OF AIR COLLECTED FROM HOSPITAL SURGIOii.L VlARD 
Test Run ~1od.if'ied Tellurite 
P:trJ.2X Medium Glycine Ag&r 
1 44* 9. 
2 40 1 
; 58 1 
4 80 0 
5 58 0 
6 65 0 
7 62 0 
8 6; 1 
9 57 0 
10 62 0 
'l'otal 599 ; 
* 
Each number represents bacteria in 60 liters of air. 
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Three paired membrane filte.rs from Table VI were analyzed further 
for numbers of staphylococci, for Staph. aureu~, and for coagulase-
activity. A Gr am stain was done on a.ll the colonies developing on 
the f ilters. The results are found i n Table VII. 
TABLE VII 
RELATIVE NUMBERS OF STAPHYLoCOCCI COLLECTED FID~-1: AIR 
FROlv1 A HOSPITAL SURGICAL WARD 
ORGANIS!vlS CULTURED ON PH2X MEDIUM AND TELLURITE GLYCif.!'E AGAR* 
r·iodif'ied PM2X 
~'ledium 
Tellurite 
Glycine agar 
Test 
Run 
2 
3 
8 
2 
8 
* Data from Table VI 
Total 
Bacteria 
4o** 
Total 
Staph. 
33 
51 
50 
1 
1 
1 
Coagulase-positive 
Staph. aureus 
2 
2 
0 
0 
1 
** Each number represents bacteria in 60 liters of air. 
It was hoped that this medium might be the one to be most help-
fUl in the recovery of pathogenic staphylococci from the air. From 
the limited data available, this medium appears to be too inhibitory 
for use in actual air sampling. In addition was the fact that al-
though all coagulase-positive colonies turned black, some known coagu-
lase-negative colonies also turned black giving a false reading. 
Comparison of Specific Staphylococcal Media: Three series of 
ten consecutive teet rune each were made: first, to compare numbers 
of organisms found on Mannitol Salt Agar with those found on Staphylo-
coccus Nedium No. 110; second, to compare numbers found on Egg Yolk 
Agar with those on StaphylococcuS ~Iedium No. 110; and third, to com-
pare numbers of bacteria found on Egg Yolk Agar with those found on 
Mannitol Salt Agar. 
The air samples were taken in the same room of the surgical ward, 
at the same time of the day, and under the same conditions, using two 
fiiter holders simultaneously about two and one-half feet above the 
.. 
floor. The sampling time was six minutes at the flow rate of 10 liters 
of air per minute. Results are found in. Table VIII. 
TABLE VII I 
COLONY COill~TS OF AIR COLLECTED IN A HOSPITAL SURGICAL WARD 
ORGANISivS GRJ'i'JN ON THREE STAPHYlOCOCCAL !-1EDIA 
SERIES 
A B C' 
Mannitol Staph. Egg Staph. Egg Mannitol 
Test Salt Medium Yolk Medium Yolk Salt 
Run Agar No.llO Agar No.llO Agar Agar 
l 48* 15 59 50 90 85 
2 28 10 52 ;i2 72 4;; 
;; 24 8 ;i5 18 67 62 
4 15 9 10 0 ;;o 18 
5 16 5 6 l;i ;9 ;9 
6 27 9 47 20 57 ;i5 
7 15 9 18 14 48 54 
8 21 7 20 16 58 50 
9 12 5 20 12 51 "57 
10 
' 
0 1"5 9 19 26 
Total 209 77 280 184 5;1 449 
* 
Each number represents 60 liters of air. 
In Series A, no attempt was made to identify the organisms on 
Mannitol Salt Agar, but the number of colonies producing yellow pig-
ment was noted. These totalled 40 colonies out of the 209 present. 
There was a total of 77 staphylococci on Staphylococcus Medium No. 110. 
In Series B, simultaneous test runs made using Egg Yolk Agar 
and Staphylococcus Medium No. 110 showed a total number of 280 colonies 
on the Egg Yolk Agar and 184 colonies on Staphylococcus Medium No. 110. 
In Series C, simultaneous runs were made using Egg Yolk Agar and 
Mannitol Salt Agar. Total colonies on Egg Yolk Agar for . the 600 liters 
of air sampled were 5)1 or 25 per cubic foot. On Mannitol Salt Agar 
there were 449 colonies or 21.18 per cubic foot. On the first run 
identification of all colonies present on the paired membrane filters 
was made. There were 90 colonies on the Egg Yolk Agar, of which 88 
were staphylococci and 2 were diphtheroids. Of the 85 colonies on 
Mannitol Salt Agar, 82 were staphylococci and ) were diphtheroids. 
Also, i n Series C, on Egg Yolk Agar, run number two had 72 col-
onies of which 70 were staphylococci and 2 were diphtheroids. On the 
same medium run number eight had 58 colonies, 56 of which were staphylo-
cocci and 2 were diphtheroids. Run number three on Mannitol Salt Agar 
showed 62 colonies, 61 staphylococci and 1 diphtheroid. Run number seven 
on Mannitol Salt Agar showed a total of 54 colonies, all of them being 
staphylococci. Maru1itol Salt Agar showed an average of 98.2 per cent 
staphylococci and Egg Yolk Agar 97.1 per cent staphylococci. 
From the results as seen in Table IX and the identification of 
all colonies recovered on several membrane filters, it was found that 
~. 
both Mannitol Salt Agar and Egg Yolk Agar grew more staphylococci than 
Staphylococcus Medium No. 110. They were, however, ::slightly lees 
selective for staphylococci. 
DISCUSSION 
The membrane filter air sampler is a simple, rapid, economical 
mathod for sampling bacteria of the air and approaches 100 per cent 
in efficiency (Goetz,l95'). The organisms grow on the membrane sur-
face at the point of contact after incubation on a suitable medium 
for 20-24 hours. After i ncubation the membrane can be dried and kept 
indefinitely for record purpose. 
Because of the difficulty with spreaders, the PM2X Medium was 
modified by the addition of one per cent agar. Experience indicated 
that this reduced trouble from spreading organisms which, if present, 
tended to decrease the accuracy of the bacterial counts. 
After testin~ several methods for sterilization of the plastic 
petri dishes, ethylene oxide gas proved to be the most efficient for 
the destruction of aerobic spore-forming bacilli. 
When larger volumes of air were passed through the filters on 
four occasions, there was a decrease in the counts obtained, presum-
ably resulting from death of the organisms due to drying. This is in 
keeping with the concept that the most efficient sampling time using 
the membrane filter apparatus with an air flow rate of ten litera per 
minute, is six minutes. A series of ten teat rune was made routinely 
in order to collect large samples of air without the risk of lose of 
bacteria due to drying. The total volume filtered in this way was 
600 litera or 21.19 cubic feet. For collecting simultaneous air 
samples a single vacuum pump and a Y tube with two filters proved to 
b~ satisfactory. 
~. 
Air samples were taken-at various heights to find the level where 
the greatest number of bacteria could be recovered. The highest n~ 
ber of organisms was found at lower levels. Therefore, most test rune 
were made at a level approximately two and one-half feet above the 
floor. 
Four different media, selective for staphylococci, were tested. 
It was found that Staphylococcus Medium No. 110 recovered staphylococci 
only. Mannitol Salt Agar and Egg Yolk Agar seemed to grow more staphylo-
cocci, but were slightly lese selective - only about 98 per cent of 
the colonies on these media proved to be staphylococcal. Preliminary 
experiments indicated that Tellurite Glycine Agar is too inhibitory 
because lower staphylococcal counts were found on this medium than on 
any of the other media tested for staphylococci. 
SUMMARY 
The membrane filter is a simple but accurate and efficient method 
for sampling bacterial population in the air. 
Staphylococcus Medium No. 110 inhibited all other bacteria except 
staphylococci butprobably did not grow the less hardy strains. 
Mannitol Salt Agar recovered greater total numbers of staphylo-
cocci. However, pigment production by Staph. aureus and coagulase-
positive activity did not correlate on this medium upon checking witm 
the tube coagulase test. 
Egg Yolk Agar was not suitable for the determination of coagul-
ase activity as it was impossible to see the halo production around 
coagulase-positive staphylococci using a membrane filter. 
Tellurite Glycine Agar was too inhibitory for ~taph. aureus. 
Also, there was no correlation between color of the colony on the mem-
brane filter and coagulase activity. 
It seems best to omit the use of selective media for Staph. 
aureus. For the greatest accuracy it would be better to culture the 
membrane filter for total bacteria, picking the suspected Staph. aureus 
colonies, and checking them for coagulase activity by tube test with 
plasma. 
;a, 
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1. 
The membrane filter air sampler is a simple and economical appar-
atus for sampling bscterial population in air. The literature indicated 
efficiency approaching 100 per cent in recovery or organisms. The or-
ganisms on the membrane filter grew rapidly after cultivation on a 
suitable medium. Colony counts were made usually after 24 hours in-
cubation at ~7 C in a moist environment. After incubation the membrane 
can be preserved, stained, and filed for record purposes. 
Because of the diff iculty with spreaders, the PM2X Medium (Milli-
pore Filter Corporation) was modified by the addition of one per cent 
agar. Experience indicated that this reduced trouble from spreading 
organisms which, if present, tend to decrease the accuracy of the bac-
terial counts. 
The most efficient sampling time with an air flow rate of ten 
liters per minute was six minutes. A series of ten runs was taken 
routinely in order to collect large samples of air without the risk 
of lose of bacteria due to dehydration. The total volume filtered 
in this way was 600 liters or 21.19 cubic feet. 
For collecting simultaneous air samples, which is very easy to 
do with the membrane filter sampler, two filters were connected to a 
single vacuum pump through a Y tube and test runs made. The same 
experiment was repeated using two separate vacuum pumps. One pump 
with a Y tube proved to be satisfactory for collecting simultaneous 
air a amp lee. 
It was found that the greatest number of bacteria was recovered 
at lower levels and air samples were taken approximately two and one-
half feet above the floor. 
2. 
Four different media- selective for staphylococci were tested 
to see if one might be found which would be selective for all staphylo-
cocci present in the air and which could be used to identify the 
potentially pathogenic Staphylococcus aureus directly, the criteria 
chosen being the production of pigment and coagulase. Staphylococcus 
' 
Medium No. 110 recovered staphylococci only. Mannitol Salt Agar and 
Egg Yolk Agar seemed to grow more staphylococci, but were slightly 
leas selective - only about 98 per cent of the colonies on these 
media proved to be staphylococci. Pigment production by Staph. aureua 
on Mannitol Salt Agar and coagulase-positive activity did not correl-
ate upon checking with the tube coagulase test. Preliminary experi-
mente indicated that Tellurite Glycine Agar is too inhibitory. Also 
there was no correlation between color of the colony on the membrane 
filter and coagulase activity. 
It seems best to omit the use of selective media for Staph. aureus 
For greatest accuracy it would be better to culture the membrane filter 
for total bacteria, picking the suspected Staph. aureus colonies, and 
checking them for coagulase activity by tube test with plasma. 
